Europaisches Patentamt 

European Patent Office © Publication number: 0 376 334 

Office europeen des brevets 



A2 



© EUROPEAN PATENT APPLICATION 



© Application number: 89124110.1 © Int. CIA C04B 28/02, C04B 40/00, 

//(C04B28/02,1 4:04,14:06,1 6:06, 
© Date of filing: 28.12.89 22:1 2),(C04B28/02,1 4:04,1 4:06, 

14:38,22:12) 



© Priority: 28.12.88 JP 328936/88 
08.12.89 JP 317735/89 

© Date of publication of application: 
04.07.90 Bulletin 90/27 

© Designated Contracting States: 
BE CH DE ES FR GB IT U 

© Applicant: ASK CORPORATION 

5-5, Tsurumichuo 2-chome Tsurumi-ku 
Yokohama-shi Kanagawa-ken(JP) 

© inventor: Morohashi, Kenji 
13-1, Tokodal 4-chome 
Ishloka-shi Ibaragi-ken(JP) 
inventor: Ito, Toshiaki 
13-2, Tokodai 4-chome 
Ishioka-shi Ibaragl-ken(JP) 



Inventor: Taguchl, Kazuto 
13-2, Tokodal 4-chome 
Ishioka-shi Ibaragi-ken(JP) 
Inventor: Yonekura, Toshihiro 
31-21, Oharadal 

Yokosuka-shl Kanagawa-ken(JP) 
Inventor: Kusunoki, Kokyo 
596-172, Ushiku 

Ushikucho Ushiku-shi Ibaragi-ken(JP) 
Inventor: Akimoto, Yuklo 
15-1, Ichlkawa 2-chome 
Ichikawa-shl Chiba-ken(JP) 



© Representative: Strehl, Schubel-Hopf, 
Qroenlng 

Maxlmlilanstrasse 54 Postfach 22 14 55 
D-8000 MUnchen 22(DE) 



© Non-asbestos Inorganic hardened compositions and production method hereof. 

© A first non-asbestos inorganic hardened composition comprising a mixture of 100 parts by weight of cement, 
5 to 60 parts by weight of quartzite powder, 5 to 60 parts by weight of wollastonite, and 0.1 to 10 parts by 
weight of fiber, mixed with an appropriate amount of water, molded, and hardened, and a second non-asbestos 
inorganic hardened composition based on the first composition, further comprising: (A) 0.2 to 8 parts by weight 
of an alkali metal chloride or an alkaline earth metal chloride, and/or (B) 0.1 to 6 parts by weight of a water 

M reducing agent and 0.1 to 4 parts by weight of a thickener; and a method for producing a non-asbestos inorganic 
hardened composition comprising adding an appropriate amount of water to the above composition, and 
subjecting the mixture to an extrusion process, a roll pressing process, and a flat pressing process followed by 

* hardening and curing. These non-asbestos inorganic hardened compositions can be used to good advantage as 

£2 architectural materials which are required to have weatherability and durability without using asbestos. Due to 
their good material characteristics, the production method thereof is simple and efficient and can stably produce 

JPthe hardened compositions. 
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Non-asbestos Inorganic hardened compositions and production method thereof 

Field of the Invention 

This invention relates to a non-asbestos inorganic hardened composition for use in roofing materials, 
exterior wall materials, and the like, and a method for producing the same. 

5 

Background of the invention 

Heretofore, cementitious hardened compositions used in roofing materials, exterior wall materials and 

w the like have been based on, for example, cement, aggregates (sand, calcium carbonate powder, slag, and 
the like), asbestos, pulp, and other materials, and produced by a method such as sheeting, semi-dry 
molding, or extrusion molding. Strength, heat resistance, and weatherability of the thus obtained hardened 
compositions have been largely attributed to asbestos. In addition, if asbestos is not used, production has 
been impossible or very difficult. 

75 Recently, adverse effects of asbestos on health have become announced, and use of non-asbestos 
architectural materials has been in demand. However, elimination of asbestos from the composition of the 
cementitious hardened compositions inevitably results in a deterioration of properties which poses problems 
in using the compositions in roofing materials, exterior wall materials and the like. There have been recently 
disclosed several techniques on non-asbestos architectural materials in Japan, and in overseas which are 

20 leading in the use of non-asbestos architectural materials, but evaluation of these techniques has not been 
established in the market as yet. 

An example of the prior art non-asbestos hardened composition is disclosed in Japanese Patent 
Publication No. 60-59182/1985. This prior art technology is characterized in that a combination of ultra-fine 
silica fume and a high water reducing agent is used without the need for a thickener (in some cases, a 

25 minute amount of a thickener is required) to develop plasticity and viscosity of the raw materials, and the 
mixture is extrusion molded or roll pressed to yield a hardened composition. In this case, water content is 
very much smaller than that in ordinary cases, which is considered to reduce adherence of the composition 
to the roll. 

However, this method is defective in that, since the silica fume comprises ultra-fine, amorphous silica, it 
30 readily undergoes a reaction with the calcium component of the cement, and a hydration reaction takes 
place in a short time. 

This results in considerable changes in viscosity of the raw materials and, by a shearing force applied 
during wet mixing or extrusion molding, the temperature of the raw materials tends to increase which, in 
turn, accelerates hardening. This causes hardening to begin during the production process, increasing load 
35 to the roll press or making it difficult to provide deep patterns on the surface. 

Furthermore, during the production process, chips of green sheet are generally fed back to the raw 
materials for reuse. In this case, if a material in the course of hardening is mixed, the load to the roll press 
will be increased even further, or an uneven surface (with foreign material marks) will result. 

Thus, the prior art technology has a problem of extremely short pot life from extrusion to the completion 
40 of molding. 

Furthermore, the thus obtained molding has a very dense, hard texture, which does not pass the non- 
flammability tests of Japan (JIS A1321: described later in detail), and undergoes generation of fine cracks 
by outdoor exposure. 

On the other hand, the prior art extrusion molding methods to obtain a hardened composition are 
45 broadly classified into: (1) extrusion molding alone, (2) extrusion process followed by roll pressing process, 
and (3) extrusion process followed by flat pressing process. However, thin-plate-formed hardened composi- 
tions or hardened compositions with complex patterns cannot be precisely formed by these prior art 
methods. 

For example, as shown in Fig.13 and Fig.14, the above (2) extrusion followed by roll pressing process 
so tends to have problems of mis-registration or deformation of patterns due to elongation of the raw material 
during compression by a roll 11, or adhesion of a raw material 10a to the roll 11 (Fig.13). This method also 
tends to have problems of elongation or shrinkage of a raw material 10 or slipping of patterns due to mis- 
synchronization of the roll 1 1 with a conveyer belt 12. 

In the (3) extrusion followed by flat pressing process, for example, as shown in Fig.15 and Fig.16, 
extrusion speed over the cross direction of a raw material sheet 21 extruded from a die 20 tends to be 



2 



EP 0 376 334 A2 



faster at the central part and become slower towards the sides, which may result in a crack 22 in part of the 
side of the resulting sheet 21, making it difficult to produce a wide, thin hardened composition. 



5 Summary of the Invention 

With a view to eliminate the above prior art problems, it is a primary object of the present invention to 
provide a non-asbestos inorganic hardened composition, which uses no asbestos, is easy to produce, and 
has improved properties such as durability, and a method for production of the same. 

w In accordance with the present invention which attains the above object, there is provided a first non- 
asbestos inorganic hardened composition comprising a mixture of 100 parts by weight of cement, 5 to 60 
parts by weight of quartzite powder, 5 to 60 parts by weight of wollastonite, and 0.1 to 10 parts by weight of 
fiber mixed with an appropriate amount of water, molded, and hardened. There is also provided according 
to the present invention a second non-asbestos inorganic hardened composition comprising a mixture of 

?5 100 parts by weight of cement, 5 to 60 parts by weight of quartzite powder, 5 to 60 parts by weight of 
wollastonite, 0.1 to 10 parts by weight of fiber, and 0.2 to 8 parts by weight of an alkali metal chloride or an 
alkaline earth metal chloride mixed with an appropriate amount of water, molded, and hardened. There is 
further provided according to the present invention a third non-asbestos inorganic hardened composition 
based on the above first or second non-asbestos inorganic hardened composition, further comprising 0.1 to 

20 6 parts by weight of a water reducing agent and 0.1 to 4 parts by weight of a thickener. 

There is also provided according to the present invention a first method for producing a non-asbestos 
inorganic hardened composition comprising adding an appropriate amount of water to a composition 
comprising a mixture of 100 parts by weight of cement, 5 to 60 parts by weight of quartzite powder, 5 to 60 
parts by weight of wollastonite, 0.1 to 10 parts by weight of fiber, 0.1 to 6 parts by weight of a high water 

25 reducing agent, and 0.1 to 4 parts by weight of a thickener and subjecting the mixture to an extrusion 
process, a roll pressing process, and a flat pressing process followed by hardening and curing. 

There is further provided according to the present invention a second method for producing a non- 
asbestos inorganic hardened composition comprising adding an appropriate amount of water to a composi- 
tion comprising a mixture of 100 parts by weight of cement. 5 to 60 parts by weight of quartzite powder, 5 

30 to 60 parts by weight of wollastonite, 0.1 to 10 parts by weight of fiber, 0.2 to 8 parts by weight of an alkali 
metal chloride or an alkaline earth metal chloride, 0.1 to 6 parts by weight of a high water reducing agent, 
and 0.1 to 4 parts by weight of a thickener and subjecting the mixture to an extrusion process, a roll 
pressing process, and a flat pressing process followed by hardening and curing. 

35 

Brief Description of the Drawings 

These and other objects as well as advantages of the present invention will become clear by the 
following description of a preferred embodiment of the present invention with reference to the accompany- 
40 ing drawings. 

Fig.1 Is a schematic oblique view showing an embodiment of the non-asbestos hardened composition 
of the present invention. 

Fig.2 is a schematic oblique view showing a mold used for production of the hardened composition. 
Figs.3 and 4 are schematic views showing test methods. 
45 Figs.5 to 1 1 are graphs showing test results of Test Examples. 

Fig.12 is a schematic view showing the production method according to the present invention. 
Figs. 13 to 16 are schematic views showing the prior art. 

so Detailed Description of the Invention 

The cement used in the present invention can be selected from conventional types of cement known in 
the art such as ordinary, rapid-setting, ultra-rapid-setting, and white types of Portland cement. 

The quartzite powder used in the present invention is preferably a crystalline quartzite powder, more 
55 preferably a coarse powder having a Blaine specific surface area of 20,000 cm 2 /g or less. If an amorphous 
quartzite powder or an excessively fine quartzite powder is used, it reacts as pozzolan with the calcium 
component of the cement during the production process to yield calcium silicate gel, which shortens the pot 
life of raw materials and tends to cause production troubles. 
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Furthermore, this deteriorates the heat resistance of the hardened composition and, in some cases, the 
hardened composition may burst during the non-flam mability tests. 

.The quartzite powder is added preferably in an amount of 5 to 60 parts by weight, more preferably in 
an amount of 10 to 40 parts by weight, to 100 parts by weight of the cement. If the amount is less than 5 
5 parts by weight, sufficient properties will not be developed, and use of more than 60 parts by weight will 
cause a decrease in strength, thus both cases are not preferable. 

Wollastonite used in the present invention is not restricted to a specific type, but known natural 
products can be used. It is preferable to use wollastonite in an amount of 5 to 60 parts by weight to 100 
parts by weight of cement. If the amount is less than 5 parts by weight, sufficient properties will not be 
w developed, and use of more than 60 parts by weight will result in a dried-up state of the mixture, which 
affects the moldability of the composition. Thus, both cases are not preferable. 

The use of the quartzite powder and wollastonite in combination with cement, as shown in Test 
Examples described later, can improve the dimensional stability and shrinkage by heating for conventional 
cases using asbestos. 

75 Use of an excessive amount of wollastonite may result in, for example, deterioration of production 
stability, such as reduced consistency of the green sheet. In the present invention, as described above, by 
using quartzite powder in combination with wollastonite, advantageous properties obtainable with large 
amounts of wollastonite can be developed with a relatively small amount of wollastonite. 

Furthermore, in the present invention, as described above, by the addition of the alkali metal chloride or 

20 the alkaline earth metal chloride to the mixture of wollastonite and quartzite powder, equal or superior 
properties (especially, heat shrinkage resistance) obtainable with large amounts of wollastonite can be 
developed with a relatively small amount of wollastonite. 

The alkali metal chloride or the alkaline earth metal chloride can be, for example, potassium chloride, 
sodium chloride, calcium chloride, or barium chloride. The alkali metal chloride or the alkaline earth metal 

25 chloride is preferably used in an amount of 0.2 to 8 parts by weight to 100 parts by weight of cement, 5 to 
60 parts by weight of quartzite powder, and 5 to 30 parts by weight of wollastonite, and it is particularly 
preferable to use in an mount of 1 to 4 parts by weight. This is because if the amount is less than 0.2 parts 
by weight, development of advantageous properties is insufficient and, if the amount exceeds 8 parts by 
weight, no further improvement in effect is expectable. 

30 The alkali metal chloride or the alkaline earth metal chloride can be added by a conventional method 
known in the art, for example, by dissolving in water for processing. 

The addition of the above chloride does not pose any problems in the production of the compositions in 
terms of extrudability and moldability. 

The high water reducing agent used in the present invention is a surface active agent which improves 

35 wettability and flow properties of the above system comprising cement, quartzite powder, and water. The 
high water reducing agent includes a naphthalene-based type, a melamine-based type, and a polycarbox- 
ylic acid-based type. 

It is preferable to use the high water reducing agent in an amount of 0.1 to 6 parts by weight with 

respect to 100 parts by weight of cement. 
40 Preferable types of the thickener used in combination with the high water reducing agent in the 

compositions of the present invention include cellulose-based types such as ethylhydroxyethyl cellulose, 

hydroxypropylmethyl cellulose, and hydroxyethylmethyl cellulose. 

The use of a combination of the high water reducing agent and the thickener, as shown in Test 

Examples described later, can provide good extrusion properties and prevent adherence to the roll or mold. 
45 Specifically, addition of the high water reducing agent can reduce the amount of water required for 

kneading of the materials to a minimum, and addition of a small amount of the thickener, which confers the 

materials with a required minimum plasticity for molding, can give a coaction effect with the high water 

reducing agent to obtain a mixture having reduced stickiness and good plasticity. 

Furthermore, the use of the high water reducing agent in combination with the thickener reduces the 
so water ratio and enables production of a relatively dense hardened composition having improved freezing 

resistance even with the use of a simple-structured extrusion molding machine which has no vacuum 

degassing mechanism. 

In the present invention, to improve the properties of the hardened composition even further, fiber and 
aggregate may be added as needed to the powders of the above raw materials. 
55 Fiber is added to improve strength and impact resistance as did asbestos In the prior art compositions. 
The fiber includes synthetic fibers such as P.V.A.. P.P., rayon, P.E.. and acrylics, cellulosic fibers, carbon 
fibers, and glass fibers. However, fiber types are not restricted to the above, but one which can improve 
strength and impact resistance of the cementitious material may be used. 
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Aggregate is added to adjust, for example, specific gravity, Young's modulus, and processability of the 
composition. Types of the aggregate include, but are not restricted to, conventional materials known in the 
art such as perlite, "shirasu" baloon, wood dust, and lime powder, which are added in amounts as needed. 

In the method for producing a non-asbestos inorganic hardened composition of the present invention, 
5 for example, as shown in Fig.12, the above raw materials in a desired ratio are blended in a mixer 100, and 
the mixture is fed through a conveyer belt 101 to an extrusion molding machine 102 where it is kneaded by 
a screw 103 in the extrusion molding machine 102 and discharged as a green sheet 105 from a die 104 
(preforming). The thus extruded green sheet 105 is then passed through a roll pressing machine 106 to be 
pressed down to a predetermined thickness, and cut by a green sheet cutter 107 to a predetermined length. 
io The thus cut green sheets 108 are conveyed by the conveyer belt 101 downstream, individually pressed by 
a flat pressing machine 109 into patterned sheets or complex shapes (final forming), and then transported to 
a curing chamber 110, where they are cured for a predetermined period of time to yield hardened 
compositions. 

The method of the present invention comprising the extrusion process, roll pressing process, and flat 
is pressing process enables efficient production of even thin or complex-shaped products over the prior art 
methods. 

Thus, the composition is preformed in the extrusion process, formed in the roll pressing process into a 
thin sheet or a near-final shape, and finally patterned and shaped in the flat pressing process, smoothly and 
efficiently throughout the whole processes. 

20 

Test Examples 

Test Examples showing effects of the present invention will be described with reference to the 
25 drawings. 



Test Example 1 

30 100 parts by weight of cement was mixed with varied amounts of quartzite powder, or wollastonite, or a 
1:1 mixture of quartzite powder and wollastonite to obtain hardened compositions, which were measured for 
bulk density, flexural strength, dimensional stability, and heat shrinkage. 
Materials used: 

Cement: ordinary Portland cement (by Onoda Cement), (Blaine specific surface area: 3,300 cm 2 /g) 
as Quartzite powder: pulverized quartzite (by Chichibu Kogyo), (Blaine specific surface area: 3,800 cm 2 /g) 
Wollastonite: (brandname: NYAD-G, made in U.S.A.) 
Fiber: (brandname: Vinylon RM182, by Kuraray) 
Asbestos: (chrysotile asbestos, Class 6) 

40 

Molding Conditions: 

Molding size: 150 mm (L) x 80 mm (W) x 8 mm (T) 
Pressure: molded at a pressure of 100 kg/cm 2 
45 Specified amounts of the raw materials and water were mixed in a ratio of 1:2, charged into a mold, and 
molded using a dehydration press to obtain a molding. 

As a Comparative Example, 10% by weight of asbestos was added to obtain a molding which was 
tested under the same conditions. 

Test results are shown in Fig.5 (relationship between bulk density and amounts added), Fig.6 
so (relationship between flexural strength and amounts added), Fig.7 (relationship between dimensional 
stability and amounts added), and Fig.8 (relationship between heat shrinkage (850 # C, 2 hours) and amounts 
added). 

As shown in Fig.5 to Fig.8, of properties obtainable with the use of asbestos, dimensional stability to 
water absorption and reduced heat shrinkage can be alternatively achieved by the addition of wollastonite. 
55 However, the addition of wollastonite alone results in insufficient viscosity of the green sheet which is 
unstable during the production process. It was found that quartzite powder can be added in combination 
with wollastonite to reduce the content of wollastonite and achieve the same properties as the case with a 
large amount of wollastonite. 
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Test Example 2 

Compounds in Test Example 1 were further mixed with 2 parts by weight of an alkali metal chloride 
(KCI), and hardened compositions were measured for heat shrinkage. 
5 The results are shown in Fig.9. 

In Fig.9, plots for quartzite powder, quartzite powder/wollastonite = 1:1, and wollastonite are same as 
those in Test Example 1 shown in Fig.8. 



70 Test Example 3 

100 parts by weight of cement was mixed with a 1:1 mixture of quartzite powder, an alkali metal 
chloride (KCI), and an alkaline earth metal chloride (CaCI 2 ) to obtain hardened compositions, which were 
measured for heat shrinkage. 
75 Materials used: 

Quartzite powder: pulverized quartzite (by Chichibu Kogyo), (Blaine specific surface area: 3,800 cm 2 /g) 
Wollastonite: (brandname: NYAD-G, made in U.S.A.) 
Alkali metal chloride: (KCI, industrial reagent) 
Alkaline earth metal chloride: (CaCb, industrial reagent) 



Mixing ratio: 

Cement: 100 parts by weight 
25 Quartzite powder: 10 parts by weight 
Wollastonite: 10 parts by weight 
Chloride: 0.5, 1, 4, and 8 parts by weight (KCI, CaCI 2 ) 

Molding was made using the same procedure as in Test Example 1. 

The results are shown in Fig.10. Since the test results with KCI and CaCI 2 are almost same, these are 
30 shown as chloride in Fig.10. 



Test Example 4 

35 As to the type of silica powder used, amorphous silica fume with a large specific surface area and 
crystalline quartzite powder were compared in terms of pot life of the green sheet. 
Material: pulverized quartzite (by Sumitomo Cement) (Blaine specific surface area: 11.600 cm 2 /g) silica 
fume (by Japan Metals & Chemicals) (Blaine specific surface area: approx. 100,000 cm 2 /g) 
Mixing ratio: Cement (80 parts by weight) + silica (20 parts by weight) 

40 The two types of mixtures were respectively mixed with hot water (40 *C) in a ratio of water/powder = 
0.22, packed in closed containers and placed in a dryer at an atmospheric temperature of 40 'C, and 
temperature at the center of the sample was measured over a period of about 9 hours. 
The test results are shown in Fig.11. 

As shown in Fig.9 r temperature of the silica fume-containing sample does not stay at the dryer 
45 atmospheric temperature but immediately begins to increase, reaching a maximal value after about 3-4 
hours. This indicates that the hydration reaction advances very rapidly. This also indicates that the 
formulation tends to begin hardening during the production process (molding). 

On the other hand, temperature of the crystalline silica-containing sample stays at 40* C for a long time. 
This indicates that the hydration reaction (hardening) does not take place during the molding process, 
so These results indicate that it is preferable to use a crystalline quartzite powder with a Blaine specific 
surface area of no greater than 20,000 cm 2 /g, more preferably no greater than 10.000 cm 2 /g, rather than 
very fine silica powder such as silica fume. 

55 Embodiments 

Preferred embodiments of the present invention will now be described in detail. 

The following raw materials were used in ratios shown in Table 1 (Embodiments) and Table 2 
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(Comparative Examples) to prepare samples of the hardened composition and subjected to various 

measurements. 

Raw materials used: 

Cement: ordinary Portland cement (by Onoda Cement, Blaine specific surface area: 3,300 cm 2 /g) 
5 Quartzite powder: pulverized quartzite (by Chichibu Kogyo, Blaine specific surface area: 3,800 cm 2 /g) 

Silica fume: (by Japan Metals & Chemicals, Blaine specific surface area: approx. 100.000 cm 2 /g) 

Fly ash: Joban Fly Ash (by Joban Karyoku Sangyo. Blaine specific surface area: 3.000 cm 2 /g) 

Wollastonite: (brandname: NYAD-G, made in U.SA) 

Alkali metal chloride: KCI (industrial reagent) 
io High water reducing agent: (brandname: Mighty 150: by Kao. naphthalenesulfonate polycondensate) 

Thickener: (brandname: Metholose 90SH-15000, by Shin-Etsu Chemical) 

Fiber: Asbestos chrysotile asbestos Class 6 

P.P. (brandname: Toughlite, by Teikoku Sangyo) fiber length: 6 mm 

P.VA (brandname: Vinylon RM182, by Kuraray) 



Molding method: 

Specific amounts of the powders and fiber are dry-mixed using a mixer (for about 3 minutes), then 
20 mixed with water and wet-mixed (for about 10 minutes). The mixture was extruded using an extrusion 
molding machine into 120 mm x 30 mm, and then roll-pressed using a roll press with a roll diameter of 40 
cm into 250 mm x 9 mm. The sheet was then press molded using a flat press (100-ton press) at a pressure 
of 10 kg/cm 2 to obtain a molding with a thickness of 8 mm. 

In this case, an FRP mold 200 shown in Fig.2 was attached to the press upper to produce a natural- 
25 slate-like (with inclined edges) molding 201 shown in Fig.1. 

After molding, the resulting molding was subjected to steam curing (at 60 *C for 24 hours), followed by 
secondary curing in a moist atmosphere at 20 "C for 1 week. The molding was then completely dried at 
105" C, and subjected to various tests. 

The samples were tested using the following methods: 

30 

Flexural strength: 

The sample was cut into 40 mm in width, 200 mm in length, and 8 mm in thickness, and tested on a 
35 Tensilon Type Universal Tester with a span of 150 mm and a load applied to a single line at the center. 



Dimensional Change: 

40 The sample was cut into 40 mm in width and 160 mm in Jength, immersed in water for 24 hours, and 
dried at 105* C for 24 hours. Shrinkages in the longitudinal direction were measured. 



Non-flammabiHty test: 

According to JIS A1321 "Non-flammability Test Method for Architectural Interior Materials and Con- 
struction Method" 

(1) Base material test: the sample (40 mm x 40 mm x 50 mm) is placed in a furnace at 750 C +/• 
10* C, and the furnace temperature is checked that it is maintained at or below 810* C for 20 minutes. 

(2) Surface test: the, surface of the sample is heated by a gas burner and an electric heater. The 
sample is then checked for significant deformations such as generation of cracks or warping, it is also 
checked that the exhaust temperature does not exceeds the standard curve by 50* C. 



55 Accelerated weathering test 

As shown in Fig.3 and Fig.4, samples of moldings 201 of various formulations are nailed on the surface 
of a structural plywood placed with a slope of 30 degrees, so that about 2/3 portions of the moldings 201 
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are overlapped, to form a test structure 204. 

Surfaces of the samples on the test structure were irradiated with an infrared lamp (so that the surface 
temperature is at 80 " C) over a period of 9 hours. The samples were then showered with water for 15 hours. 
The above procedure constitutes a single cycle. The samples were subjected up to 30 cycles and the 
5 surface conditions of the individual samples were observed. 

The test results are shown in Table 1 and Table 2. 

As shown in Table 1, Test Examples 1 to 9 are almost comparable in properties to Comparative 
Example 1 shown in Table 2, which is a prior art hardened composition using asbestos, with improved 
moldability. 

10 The invention may be embodied in other specific forms without departing from the spirit or essential 
characteristics thereof. The present embodiment is therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indicated by the appended claims rather than by the 
foregoing description and all changes which come within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 

75 
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Claims 

5 

1. A non-asbestos inorganic hardened composition comprising a mixture of 100 parts by weight of 
cement, 5 to 60 parts by weight of quartzite powder, 5 to 60 parts by weight of wollastonite, and 0.1 to 10 
parts by weight of fiber mixed with an appropriate amount of water, molded, and hardened. 

2. A non-asbestos inorganic hardened composition comprising a mixture of 100 parts by weight of 
/o cement, 5 to 60 parts by weight of quartzite powder, 5 to 60 parts by weight of wollastonite, 0.1 to 10 parts 

by weight of fiber and 0.2 to 8 parts by weight of an alkali metal chloride or an alkaline earth metal chloride 
mixed with an appropriate amount of water, molded, and hardened. 

3. The non-asbestos inorganic hardened composition as claimed in Claim 1 or Claim 2, further 
comprising 0.1 to 6 parts by weight of a high water reducing agent and 0.1 to 4 parts by weight of a 

15 thickener. 

4. A method for producing a non-asbestos inorganic hardened composition comprising adding an 
appropriate amount of water to a mixture of 100 parts by weight of cement, 5 to 60 parts by weight of 
quartzite powder, 5 to 60 parts by weight of wollastonite, 0.1 to 10 parts by weight of fiber, 0.1 to 6 parts by 
weight of a high water reducing agent, and 0.1 to 4 parts by weight of a thickener, and subjecting the 

20 mixture to an extrusion process, a roll pressing process, and a flat pressing process followed by hardening 
and curing. 

5. A method for producing a non-asbestos inorganic hardened composition comprising adding an 
appropriate amount of water to a mixture of 100 parts by weight of cement, 5 to 60 parts by weight of 
quartzite powder, 5 to 60 parts by weight of wollastonite, 0.1 to 10 parts by weight of fiber, 0.2 to 8 parts by 

25 weight of an alkali metal chloride or an alkaline earth metal chloride, 0.1 to 6 parts by weight of a high water 
reducing agent, and 0.1 to 4 parts by weight of a thickener, and subjecting the mixture to an extrusion 
process, a roll pressing process, and a flat pressing process followed by hardening and curing. 
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